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(57) [Abstract] 

[Problems] In optical devices such as projectors, 
adjustment has conventionally been complicated, and 
operability during manufacture has been low. 

[Solving Means] An optical member comprising a prism 
member (color synthesizing prism 20) made by connecting a 
plurality of prisms (prisms 21 to 23) each having a dichroic 
film formed on an end face, and a plurality of image forming 
means (liquid crystal panels 24 to 26) fixed to this prism 
member, which adjusts the optical path length of the light 
passing through the individual image forming means and the 
member by moving the relative positions of the individual 
prisms forming the prism member along the connecting surface 
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is used in an optical device such as a projector. 



[Claims] 

[Claim 1] An optical member comprising a prism member made 
by connecting a plurality of prisms each having a dichroic 
film formed on an end face, and a plurality of image forming 
means fixed to this prism member, which adjusts the optical 
path length of the light passing through the individual 
image forming means and the member by moving the relative 
positions of the individual prisms forming the prism member 
along the connecting surface is used in an optical device 
such as a projector. 

[Claim 2] The optical member according to claim 1, wherein, 
after adjusting the optical path length of the light passing 
through the individual image forming means and said prism 
member, the prisms forming said prism member are mutually 
fixed . 

[Claim 3] The optical member according to claim 1 or 2, 
wherein the optical path length of the light passing through 
the individual image forming means and said prism member is 
adjusted by moving the individual image forming means on the 
end face of said prism member. 

[Claim 4] The optical member according to claim 3, wherein, 
after adjusting the optical path length of the light passing 
through the individual image forming means and said prism 
member, the individual image forming means are fixed to said 
prism member. 



[Claim 5] The optical member according to any one of claims 
1 to 4, wherein said prism member has a function of 
synthesizing the light for each prescribed wavelength band 
having passed through the individual image forming means. 
[Claim 6] The optical member according to any one of claims 
1 to 5, wherein said image forming means are fixed to said 
prism member via a relay member. 

[Claim 7] An optical member according to any one of claims 
1 to 6, said image forming means are liquid crystal panels. 
[Claim 8] An optical device having an optical member 
according to any one of claims 1 to 6. 

[Claim 9] The optical device according to claim 8 having a 
projecting optical system, wherein adjustment of the optical 
path length of the light passing through the individual 
image forming means and said prism member is performed to 
adjust the focus of the images of the individual image 
forming means formed by said projecting optical system. 
[Claim 10] The optical device according to claim 8 or 9, 
comprising a projecting optical system, wherein adjustment 
of the optical path length of the light passing through the 
individual image forming means and said prism member is 
performed to adjust the position of the images of the 
individual image forming means formed by said projecting 
optical system. 

[Claim 11] A manufacturing method of an optical member, 
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comprising: 

a step of attaching a first image forming means to a 
first prism; 

a step of adjusting an optical path of the light 
passing through said first image forming means and said 
first prism by moving said first image forming means on said 
first prism; 

a step of fixing said first image forming means to said 
first prism; 

a step of attaching a second prism to said first prism; 

a step of attaching a second image forming means to 
said second prism; 

a step of adjusting the optical path length of the 
light passing through said second image forming means, said 
second prism and said first prism by moving said second 
prism on said first prism; 

a step of fixing said second prism to said first prism; 

a step of adjusting the optical path of the light 
passing through said second image forming means, said second 
prism and said first prism by moving said second image 
forming means on said second prism; and 

a step of fixing said second image forming means to 
said second prism, 

[Claim 12] The manufacturing method of the optical member 
according to claim 9, comprising a step of adjusting the 
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optical path length of the light passing through said first 
image forming means and said first prism; a step of 
adjusting the optical path length of the light passing 
through said second image forming means, said second prism, 
and said first prism; and a step of adjusting the optical 
path length of the light passing through said second image 
forming means, said second prism and said first prism, these 
steps being simultaneously carried out. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] The present invention relates to 
an optical member. More particularly, the invention relates 
to an optical member applicable for an optical device such 
as a projector which synthesizes an image formed by three 
liquid crystal panels and projects an enlarged view thereof 
on a screen. 

[0002] 

[Description of the Related Art] Fig. 7 is a partial 
schematic view of a conventional three-panel projector. 
[0003] The projector shown in Fig. 7 mainly comprises a 
projecting lens 101 and a lighting box 102. A light source 
103, dichroic mirrors 104 and 105 for color separation, 
dichroic mirrors 106 and 107 for color synthesis, reflecting 
mirrors 108 and 109, and liquid crystal panels 110, 111 and 
112 are attached to the lighting box 102. 
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[0004] In the projector shown in Fig. 7, white light 
emitted from the light source 103 is separated by the 
dichroic mirrors 104 and 105 into light beams of three 
colors R, G and B, and these three-color beams illuminate 
the liquid crystal panels 110, 111 and 112, respectively. 
The resultant three-color images formed on the respective 
liquid crystal panels are synthesized by the dichroic 
mirrors 106 and 107, and the synthesized images are enlarged 
and projected onto a screen not shown by the projecting lens 
101 . 

[0005] 

[Problems to be Solved by the Invention] In the above- 
mentioned conventional projector, however, parts are 
individually attached in the lighting box 102, and depending 
upon the attachment accuracy of each of these parts, a shift 
of image may be caused in the R, G and B images on the 
screen by an error in focus, swinging or rotation. It is 
possible to achieve agreement of the images on the screen by 
finely adjusting the positions of the liquid crystal panels 
110 to 112. However, since the image shift changes along 
with combination of attachment errors of the independent 
optical parts, a problem has been encountered in that the 
resultant complicated adjustment leads to a poor operability 
during manufacture of the apparatus. When an impact is 
applied to the lighting box 102, or when temperature changes, 
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another problem has been caused in that a positional error 
occurs in some of the component parts, thus causing again 
disturbance of the adjusted image, 

[0006] The present invention was developed in view of the 
problems as described above, and has an object to provide an 
optical member which improves operability during manufacture 
of an optical device such as a projector. 
[0007] 

[Means for Solving the Problems] To achieve the above- 
mentioned object, a first invention of the present 
application provides an optical member comprising a prism 
member made by connecting a plurality of prisms each having 
a dichroic film formed on an end face, and a plurality of 
image forming means fixed to the prism member, which adjusts 
the optical path length of the light passing through the 
individual image forming means and the member by moving the 
relative positions of the individual prisms forming the 
prism member along the connecting surface is used in an 
optical device such as a projector. 

[0008] A second invention of the present application 
provides an optical device such as a projector having the 
optical member of the first invention of the present 
application. 

[0009] A third invention of the present application 
provides a manufacturing method of an optical member, 



- 9 - 



comprising a step of attaching a first image forming means 
to a first prism; a step of adjusting an optical path of the 
light passing through the first image forming means and the 
first prism by moving the first image forming means on the 
first prism; a step of fixing the first image forming means 
to the first prism; a step of attaching a second prism to 
the first prism; a step of attaching a second image forming 
means to the second prism; a step of adjusting the optical 
path length of the light passing through the second image 
forming means, the second prism and the first prism by 
moving the second prism on the first prism; a step of fixing 
the second prism to the first prism; a step of adjusting the 
optical path of the light passing through the second image 
forming means, the second prism and the first prism by 
moving the second image forming means on the second prism; 
and a step of fixing the second image forming means to the 
second prism. 
[0010] 

[Embodiments] Fig. 1 is a partial schematic view 
illustrating a projector using the optical member of the 
present invention. 

[0011] In Fig. 1, reference numeral 1 represents a 
projecting lens; 2, lighting boxes; 3 and 4, dichroic 
mirrors for color separation; 5, a reflecting mirror; 6, a 
light source comprising a metal halide lamp and a reflecting 
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mirror; 20, a color synthesizing prism formed by connecting 
prisms 21, 22 and 23; and 24, 25 and 26, liquid crystal 
panels which display images within wavelength bands of R, G 
and B. 

[0012] The synthesizing prism 20 has a dichroic film formed 
thereon for synthesizing color beams on the connecting 
surface between the prism 21 and the prism 22 and on the 
connecting surface between the prism 22 and the prism 23. 
The liquid crystal panels 24 to 26 are fixed to surfaces of 
the color synthesizing prism 20, as shown in the drawing, 
different from that on the side to which the projecting lens 
1 is attached. An adhesive of the ultraviolet-setting type 
or the like is sealed for fixing the connecting surfaces of 
the prisms 21 to 23, and between the prisms and the liquid 
crystal panels 24 to 26. The optical member of the present 
invention is composed of the color synthesizing prism 2 0 and 
the liquid crystal panels 24 to 26. 

[0013] Which liquid crystal panel displays an image of 
which wavelength band is dependent upon properties of the 
dichroic film formed on the connecting surface between the 
dichroic mirrors 3 and 4 and the color synthesizing prism 20. 

There is therefore no particular restriction on which the 
liquid crystal panel must display an image of what 
wavelength band. 

[0014] Positional adjustment of the liquid crystal panels 



- 11 - 



2 4 to 26 will now be described with reference to Figs. 2 and 
3. Fig. 2 is a flowchart illustrating the adjusting 
procedure of the liquid crystal panels. Fig. 3 illustrates 
the method for adjusting the liquid crystal panels. 
[0015] In STEP 1 shown in Fig. 2, the first liquid crystal 
panel (liquid crystal panel 25) is attached by an adhesive 
» to the end face opposite to the end face on the projecting 
lens attaching side of the first prism (prism 22) . 
[0016] In STEP 2, the first panel (liquid crystal panel 25) 
is rotated on the end face, and the horizontal and vertical 
directions of the first panel (liquid crystal panel 25) are 
aligned with the right side of the reference axis. 
(Rotation adjustment: adjustment of the a direction in Fig. 
3) . 

[0017] In STEP 3, the first panel (liquid crystal panel 25) 
is moved in parallel on the end face, and the center of the 
first panel (liquid crystal panel 25) is aligned with the 
reference position. (Shift adjustment: adjustment of X and 
Y directions in Fig. 3) . 

[0018] In STEP 4, the first panel (liquid crystal panel 25) 
is fixed to the first prism (prism 22). If the adhesive 
used is of the ultraviolet-setting type, ultraviolet rays 
would be irradiated onto the connecting surface. 

[0019] Then in STEP 5, the second prism (prism 21) is 
attached by an adhesive to a prescribed end face of the 
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first prism (prism 22) . 

[0020] In STEP 6, the second panel (liquid crystal panel 
24) is attached by an adhesive to a prescribed end face of 
the second prism (prism 21) . 

[0021] In STEP 7, the second prism (prism 21) is caused to 
slide along the connecting surface with the first prism 
(prism 22), and the second panel (liquid crystal panel 24) 
is aligned with a prescribed focal position. (Focal 
adjustment: adjustment in the S direction in Fig. 3) . 
[0022] In STEP 8, the second panel (liquid crystal panel 
24) is rotated on the end face, and the horizontal and 
vertical directions of the second panel (liquid crystal 
panel 24) are aligned with the right side of the reference 
axis. (Rotation adjustment: adjustment in the a direction 
shown in Fig. 3) . 

[0023] In STEP 9, the second panel (liquid crystal panel 
24) is moved in parallel on the end face, and the center of 
the second panel (liquid crystal panel 24) is aligned with a 
reference position. (Shift adjustment: adjustment in the X 
and Y directions shown in Fig. 3) . 

[0024] In STEP 10, the second panel (liquid crystal panel 
24) is fixed to the second prism (prism 21), and the second 
prism (prism 21) is fixed to the first prism (prism 22) . 

[0025] In STEP 11, the third prism (prism 23) is attached 
by an adhesive to a prescribed end face of the first prism 
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(prism 22) . 

[0026] In STEP 12, the third panel (liquid crystal panel 
26) is attached by an adhesive to a prescribed end face of 
the third prism (prism 23) . 

[0027] In STEP 13, the third prism (prism 23) is caused to 
slide along the connecting surface with the first prism 

(prism 22), and the second panel (liquid crystal panel 26) 
is aligned with a prescribed focal position. (Focal 
adjustment: adjustment of S direction in Fig. 3) . 

[0028] In STEP 14, the third panel (liquid crystal panel 
26) is rotated on the end face, and the horizontal and 
vertical directions of the third panel (liquid crystal panel 
26) are aligned with the right side of the reference axis. 

(Rotation adjustment: adjustment of the a direction shown in 
Fig. 3) . 

[0029] In STEP 15, the third panel (liquid crystal panel 
26) is moved on the end face, and the center of the third 
panel (liquid crystal panel 26) is aligned with a reference 
position. (Shift adjustment: adjustment of the X and Y 
directions in Fig. 3) . 

[0030] In STEP 16, the third panel (liquid crystal panel 
26) is fixed to the third prism (prism 23) , and the third 
prism (prism 23) is fixed to the first prism (prism 22) . 
[0031] In STEP 17, the color synthesizing unit is annealed. 
[0032] The relative position of each liquid crystal panel 
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can be aligned with a prescribed position by adjusting the 
position of each liquid crystal panel in the above-mentioned 
procedure- The term the relative position as herein used 
shall mean a position which ensures complete agreement of 
pixels of the individual liquid crystal panels, or a 
position where a shift of pixels of a prescribed size (so- 
called "pixel shifting") is achieved. 

[0033] In this embodiment, fixing of the individual liquid 
crystal panels and prisms has been described as being 
conducted after positional adjustment of the individual 
components. However, a method of simultaneously fixing 
after positional adjustment of liquid crystal panels may be 
adopted. This adjustment can be accomplished by projecting 
an image onto the screen in a state in which it is 
incorporated into the projector shown in Fig. 1 while 
watching the projected image. However, in order to make 
full use of the feature of the integrated construction of 
the color synthesizing prism 20, it is possible to take out 
only the color synthesizing prism 20, and carry out 
adjustment as a unit. 

[0034] The configuration when making adjustment of the 
above-mentioned color synthesizing prism 20 as a unit is 
illustrated in Fig. 4. 

[0035] In Fig. 4, reference numeral 20 represents the color 
synthesizing prism shown in Fig. 1, and the same reference 



numerals as in Fig. 1 represent the same component members. 
Reference numeral 42 represents a position detecting element 
such as a CCD which detects the position of the liquid 
crystal panel; 41, an adjusting projecting lens which 
projects the liquid crystal panels 24 to 26 onto the 
position detecting element 42; and 43, 44 and 45, backlights 
arranged on the back of the liquid crystal panels. 

[0036] Positional adjustment of the liquid crystal panels 
can be selectively accomplished through turn-on and turn-off 
of the backlights. This will now be described in detail. 

[0037] Prior to STEP 1 shown in Fig. 2, the adjusting 
projecting lens 41 is moved in the optical axis direction, 
and an action of aligning the focus of the liquid crystal 
panel 25 with the position detecting element 42 as STEP 0 

(tracking adjustment) . • Then, the backlight 44 is turned on 

(43 and 45 are turned off) to carry out STEPs 1 to 3 . The 
backlight 43 is turned on (44 and 45 are turned off) . STEPs 
4 to 10 is performed. The backlight 45 is turned on (43 and 
44 are turned off) , and STEPs 11 to 16 are conducted. This 
permits sequential adjustment of the liquid crystal panels R, 
G and B. The color synthesizing prism 20 can thus be 
adjusted as a unit in this manner. 

[0038] At this point in time, if it is made possible to 
move the prism through remote operation by electric control 
by use, for example, of a robot arm on the basis of position 



- 16 - 



and focal information electrically detected from the 
position detecting element, it is possible to build an 
automatic adjustment unit which automatically performs 
adjustment of the liquid crystal panels and the prisms and 
fixing thereof, thereby permitting achievement of a 
considerable improvement of efficiency. 

[0039] Next, a configuration in which a color synthesizing 
element 50 which separates white light into color components 
R, G and B is provided at a position of the position 
detecting element 42 shown in Fig. 4 is illustrated in Fig. 
5. 

[0040] In Fig. 5, reference numeral 50 represents the 
above-mentioned color separating element; 51, 52 and 53, 
position detecting elements which detect positions of the 
liquid crystal panels R, G and B; and 54, 55 and 56, 
backlights illuminating the individual liquid crystal panels 
R, G and B by color light of R, G and B, respectively. The 
same reference numerals as in Figs. 1 and 4 represent the 
same component members as in these drawings. 

[0041] In this embodiment, after the completion of tracking 
adjustment, it is possible to simultaneously and 
independently carry out rotation adjustment, shift 
adjustment and focal adjustment in response to the output of 
the position detecting element corresponding to the 
individual liquid crystal panels. This embodiment is 



therefore suitable for automatic control and adjustment via 
a computer or the like. 

[0042] Fig. 6 illustrates another embodiment in which the 
liquid crystal panels are fixed to the color synthesizing 
prism 20. 

[0043] In Fig. 6, reference numerals 27, 28 and 29 
represent liquid crystal panel holders which fix the liquid 
crystal panels to the color synthesizing prism 20. In the 
apparatus shown in Fig. 1, glass covers of the liquid 
crystal panels 24 to 26 are connected directly to the end 
faces of the prisms. Even in a liquid crystal panel having 
a configuration in which a glass cover cannot be directly 
connected, by using a relay member for fixing such a liquid 
crystal panel holder shown in Fig. 6, the assembly adjusting 
method described above can be applied. 

[0044] 

[Advantages] According to the optical member of the present 
invention, as described above, it is possible to improve 
operability of an optical device such as a projector during 
manufacture . 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a partial schematic view of a projector 
using the optical member of the present invention. 

[Fig. 2] Fig. 2 is a flowchart illustrating the procedure 
for adjustment of each liquid crystal panel. 



[Fig. 3] Fig, 3 illustrates the adjusting method of liquid 
crystal panels. 

[Fig. 4] Fig. 4 is a configuration diagram of an adjusting 
unit used upon adjusting the color synthesizing prism as a 
unit . 

[Fig. 5] Fig. 5 is a configuration diagram of an adjusting 
unit used upon adjusting the color synthesizing prism as a 
unit in another embodiment of Fig. 4. 

[Fig. 6] Fig. 6 illustrates an embodiment in which the 
liquid crystal panels fixed to the color synthesizing prism 
via a relay member. 

[Fig. 7] Fig. 7 is a partial schematic view of a 
conventional projector. 
[Reference Numerals] 
1: Projecting lens 
2 : Lighting box 

3, 4: Color separating dichroic mirror 

5: Reflecting mirror 

6: Light source 

20: Color synthesizing prism 

21, 22, 23: Prisms composing color synthesizing prism 
24, 25, 26: Liquid crystal panel 
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[0 0 15] £i\ E] 2^*51^5 STEP 1 £*SI^T\ 
SB l ©KiS^*^ «^^2 5) Sr. H©XyX 
A (/yXA2 2) ©fttti^X#:&9 Wt<b^3ffiiJ© 
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/^yu^r^tt^R G B <Dft&ytX*mW-fZ>/< y * 5 -f 
hT'fo^o !2l2iU 5 ia4iPIW"i-o<><ottlSI— <7>«BWS: 
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